ZnO nanowires have attracted a great attention as building blocks for the optoelectronic devices. For the practical optoelectronic applications based on the ZnO nanowires, synthesis technique of ZnO nanowire with layered structures is significantly important in order to achieve a p-n junction, a core/shell structure, and a multiple quantum well structure. We have been succeeded in growing nanowires on the pre-deposited ZnO film and core/shell structure by a newly developed nanoparticle-assisted pulsed-laser deposition (NAPLD) using multi-target changer. In this paper, recent progresses of synthesis of layer-structured ZnO nanowires using doped ZnO target, such as a Li-Ni codoped ZnO, are described.
Introduction
Zinc oxide (ZnO) is one of the promising materials in UV optoelectronic applications such as a light-emitting diode (LED) and a laser diode (LD) because of a direct wide band-gap of 3.37 eV at room temperature and a relatively large exciton binding energy of 60 meV [1] . Especially, ZnO nanowire has attracted a great attention for building blocks of nanodevices such as an UV-LD [2] , an UV-LED [3] , an UV photodetector [4] , and a gas sensor [5] , because it has superior crystalline quality, better electrical/optical quality, and large surface area to volume ratio. Furthermore, ZnO nanowires have no need for a lattice matched substrate for the overgrowth [6] . Those ZnO nanostructures are able to be synthesized using several methods such as a molecular beam epitaxy [7] , sputtering [8] , a chemical vapor deposition [9] , solution method [10] etc.
For the practical optoelectronic applications based on the ZnO nanowires, however, three important issues are essentially required: p-type doping, growth control and fabrication of layered structures for p-n junction, a coreshell structure, and a multiple quantum well structure, as shown in Fig.1 . In our study, we have succeeded in synthesizing various nanostructures, such as nanorods [11] , nanowalls [12] , the vertically and horizontally aligned ZnO nanowires [13] by nanoparticle-assisted pulsed-laser deposition (NAPLD) without any catalyst. Furthermore, we have been also succeeded in growing ZnO nanowires with layered structures, such as a film-wire layered structure and core/shell structure in one NAPLD chamber using the multi-target changer [14] . In this paper, we describe progresses of synthesis and photoluminescence of the layer-structured ZnO nanowires by NAPLD using doped ZnO target, such as a Li-Ni codoped ZnO, are described.
Experiments
In the experiment, sintered cylindrical ZnO source targets were used in synthesizing ZnO nanowires. A c-plane sapphire substrate (1 cm×1 cm) was put on a SiC heater in a vacuum chamber and the target-substrate distance was set to 40 mm. The substrate was heated to 400-800 ºC in the vacuum chamber filled with a background gas of argon or oxygen. The ZnO target was ablated with the third harmonics of a Q-switched Nd:YAG laser at 355 nm with a repetition rate of 10 Hz and a fluence of about 1.3 J/cm 2 . The morphology of the as-deposited products was analyzed by scanning electron microscopy (SEM). The optical properties of the ZnO nanowires were investigated by observing the photoluminescence (PL) with a He-Cd laser.
Results and Discussion

Film-Wire Layer-Structured ZnO Nanowires
We have succeeded in growing the layer-structured ZnO nanowire consisting of different materials of a pure ZnO and a Li-Ni codoped ZnO target [14] . Li-Ni codoped ZnO is one of the promising targets for p-type ZnO thin film [15, 16] . ZnO nanowires were synthesized using the pure ZnO target after deposition of the Li-Ni codoped ZnO film. The Li-Ni codoped ZnO film was deposited on a cplane sapphire substrate temperature of 400 ºC and oxygen gas pressure of 26 mTorr. After deposition of the film for 5 minutes, the nanowires were subsequently synthesized on the film at the temperature of 750 ºC and argon gas of 200 Torr in the same chamber. The growth time of the ZnO nanowires was 15 min. The vertically-aligned low density ZnO nanowires with the diameter of 50-100 nm and the length of around 2 µm were formed. Most nanowires were grown on hexagonal cone-shape cores. The cores have not been seen in samples without the pre-deposition of the ZnO film. Besides, most of the cores are formed in the same size using a Sb doped ZnO target [17] . Thus the ZnO film layer probably contributes to the formation of the cores. Although the more detail mechanism should be investigated, an interaction between the buffer film and the depositing nanoparticles occurred. The optical property of the ZnO nanowires was characterized with PL spectra measurement at room temperature by a spectrometer (multi-channel analyzer C10027, HAMAMATSU photonics). Fig.2 shows the PL spectra from the ZnO nanowires synthesized on the Li-Ni codoped ZnO and the pure ZnO thin film. The spectra are normalized at the UV peak for easy comparison. A strong UV peak centered at 380 nm and a weak broad visible emission with a peak at about 500 nm were observed from the ZnO nanowires of the pure ZnO film. The UV emission band is due to a near-band-edge (NBE) recombination of ZnO, which is the emission of excitons through an electron-hole recombination process [18] . The broad green emission peak of ZnO is a typical defect-related emission, which is usually attributed to the deep-level oxygen vacancy in the surface and subsurface lattices of ZnO materials [19] . The intensity of the broad visible emission from the nanowires grown on the Li-Ni codoped ZnO film is higher than that on the pure ZnO film. The results show that the Li-Ni thin film might cause an increase of deep-level defects inside ZnO lattices [20] . However, as an intensity ratio of green emission to NBE from the ZnO nanowires is less than 0.4, evident strong UV exciton emission and weaker defect emission show the good crystal quality both of ZnO nanowires on the pure and Li-Ni codoped films.
Core/Shell Structured ZnO Nanowires
It is important to fabricate layered structure in not only the nanowire axial direction but also the radial direction, because core/shell nanowires are expected to be more efficient in emitting due to low thermal quenching and large surface effect [21] . We have demonstrated the core/shell structured ZnO nanowieres by NAPLD using pure ZnO target [14] . After growth of low density ZnO nanowires at a typical growth condition of the nanowire, the shells were subsequently synthesized under the film deposition condition. It was found that ZnO shell coats homogeneously the entire nanowire, and thickness of the shell could be controlled by the deposition time.
In this study, core/shell structured ZnO nanowires consisting of different material layers also could be synthesized using the pure and the Li-Ni codoped ZnO targets. Fig.3(a) shows the SEM image of the pure ZnO nanowires synthesized after deposition of the ZnO film. Fig.3(b) shows the SEM image of the ZnO/Li-Ni codoped ZnO core/shell structued ZnO nanowires after growth the shell for 10 minutes at the temperature of 400 ºC and oxygen gas pressure of 26 mTorr. Fig. 3(c),(d) shows the 45° tilted view and top view SEM image of the ZnO nanowires after growth of the ZnO shell for 20 minutes. The diameter of the ZnO nanowires increased uniformly with increasing the deposition time of the shell. On the other hand, the hexagonal cone-shape cores, as seen in Fig.3(a) , were buried in the Li-Ni codoped ZnO film as shown in Fig.3(b),(c) . Thus, the incoming Li-Ni codoped ZnO seems to incorporate much more effectively into the ZnO buffer film layer than the nanowires.These results show the core/shell structure consisting of different ZnO targets is able to be fabricated by the multi-target changer system in the simple experimental setup. The photoluminescence characteristic of the ZnO/Li-Ni codoped ZnO core/shell structued ZnO nanowires was also investigated. In the PL measurement, the nanowires were excited from the substrate side or the nanowire side, as shown in Fig.4. Fig.5 shows the PL spectra of the core/shell structured ZnO nanowires. A visible light emission at green emission band and very low UV emission were observed. On the other hand, no PL spectrum was detected under excitation from the nanowire side, as shown in Fig.5(b) . The results indicate the Li-Ni codoped ZnO film absorbs the short wavelength region less than 450 nm. Thus, an intrinsic layer is inevitably required between the p-n junction, which is a PIN (p-type-Intrinsic-n-type) diode structure, to fabricate a ZnO-based homo-junction LED using the Li-Ni codoped ZnO as a p-type material in order to prevent absorption of the UV emission around the Li-Ni codoped ZnO.
Conclusions
To summarize, we have succeeded in synthesizing layer-structured ZnO nanowires on c-plane sapphire substrates by NAPLD in the single chamber. Vertically-aligned low density ZnO nanowires were synthesized on the pure and the Li-Ni codoped ZnO film. In addition, core/shell structured ZnO nanowires consisting of different materials were also fabricated. Furthermore, PL characteristics of the layer-structured ZnO nanowires were observed under the HeCd laser excitation.
